 3  2 
In this paper, we first explore strategies for constructing a PRS using markers 1 0 1 and weights obtained from either the latest GWAS or the NHGRI-EBI GWAS catalog 1 0 2 that have reached genome-wide significance. We compare the PRS in terms of their (University of Michigan) [4, 14] . Based on these results, we choose a PRS construction 1 0 9 strategy for each skin cancer subtype for further analysis. For the chosen PRS corresponding to each skin cancer subtype, we perform a 1 1 1 phenome-wide association study (PheWAS) relating the PRS to the electronic health 1 1 2 record (EHR)-based phenome of MGI. We call such a study a PRS-PheWAS. 4 PheWAS results are then replicated using the population-based UK Biobank data. In order to identify secondary associations that are not driven by the primary phenotype, (which correspond to the alleles of the imputation reference panel), we assumed minus 2 9 8 strand designation and corrected the effect allele to its complementary base of the 2 9 9 forward strand. Entries with a reported risk allele that did not match any of the alleles of 3 0 0 an ambiguous SNP (A/T and C/G) in our data were excluded at this step. We only (for chromosome X variants, we calculated RAF in females only). We then excluded 3 0 5 1 5 entries whose RAF deviated more than 15%. This chosen threshold is subjective and
PRS-
was based on clear differentiation between correct and likely flipped alleles on the two 3 0 7 diagonals (see S1 Text Fig A) as noted frequently in GWAS meta-analyses quality 3 0 8
control procedures [34] . For each analyzed cancer type, we extracted risk variants that 3 0 9
were also present in our genotype data and estimated pairwise linkage disequilibrium to SNPs that were reported with minor allele frequencies > 0.5% and were also p-values < 5x10 -4 using the imputed allele dosages to obtain independent risk SNPs (LD 3 3 0 threshold of r 2 > 0.1 and a maximal SNP distance of 1 Mb). We limited the LD 3 3 1 calculations to 10,000 randomly selected, unrelated, white British individuals to reduce 3 3 2 the computational burden. Finally, we created subsets of these independent SNPs with 3 3 3
p-values <5x10 -9 , <5x10 -8 , <5 x10 -7 , <5x10 -6 , <5x10 -5 , and <5x10 -4 (S2 File Table J ). For each of the obtained SNP sets for each trait, we constructed a PRS as the In this study, we constructed PRS for three skin cancer subtypes using two cancer phenotypes across different PRS construction methods, we fit the following 3 5 2 model for each PRS and skin cancer phenotype:
where the PCs were the first four principal to very large parameter estimates and standard errors. We then evaluated each PRS's (1) ability to discriminate between cases and additional covariates. We used these metrics and the logistic regression results to 3 7 0 choose a PRS construction method to use for each skin cancer subtype moving forward. To explore the impact of incorporating non-significant loci into the PRS 3 7 2 construction, we further performed the above analyses with PRS constructed using UK 3 7 3
Biobank GWAS summary statistics with different p-value thresholds. non-skin-cancer diagnosis and then diagnosed with skin cancer at least 365 days after cancer. We then fit a Firth bias-corrected logistic regression of the following form: where Array and PC were defined as before. Unless otherwise stated, analyses were We first explored the comparative performance of two PRS construction 4 1 5 strategies in terms of the resulting PRS associations with related phenotypes in the skin 4 1 6 cancer setting. mPRS, bPRS, and sPRS respectively. Using each of the chosen PRS described above (mPRS, bPRS, and sPRS), we three PRS (Fig 1 and S2 File secondary traits with increasing PRS. To substantiate the detected dermatologic associations, we reiterated the UK Biobank data set (Fig 1) . In general, stronger evidence for association was found in In order to explore whether the identified PRS-phenotype associations were each PRS in which we excluded subjects who were cases for the primary trait or other 5 1 3 skin cancer subtypes [4] . Results are shown in S2 File for MGI. "Sebaceous cyst" and its over-category "diseases of the sebaceous gland" [46]. Actinic keratosis has also been identified as a potential precursor to basal cell 5 2 7 carcinoma (BCC) [47, 48] . The availability of temporal information of diagnoses in the 5 2 8
MGI cohort offered the opportunity to explore actinic keratosis as a potential precursor 5 2 9
for development of skin cancer in MGI. least one year before any skin cancer diagnosis and its association with future BCC or diagnoses tended to occur prior to the skin cancer diagnosis (often within 8 years). In the PRS-PheWAS analyses, we note a striking overlap in the secondary 5 5 1 dermatological traits significantly associated with each of the three PRS (mPRS, bPRS, 5 5 2 sPRS). One potential explanation for this is that subjects may have more screening 0 information improved discrimination for future skin cancer diagnoses [46-48]. In an additional analysis, we identified loci that were shared among all three skin would not reach genome-wide significance did improve the PRS' ability to discriminate 7 1 9 cases from controls for the primary phenotype up to a point. In particular, PRS 7 2 0 constructed using SNPs with p-values less than 5x10 -8 or 5x10 -7 resulted in the best 7 2 1 performance, but further increasing the p-value threshold resulted in reduced 7 2 2 performance. Crucially, we also observed stronger associations between the PRS and results suggest that some benefit may be seen by incorporating loci that do not reach 7 2 5 significance into the PRS construction but incorporating too many loci with larger p- As a product of this study, we provide an online visual catalog PRSweb that which researchers can download and use in their own analyses. In the future, we plan 7 3 6
to extend this online platform to include PheWAS for many other cancer phenotypes, 7 3 7 which will make this online platform a general tool for identifying phenotypes related to 7 3 8 particular types of cancer. European descent, and we restricted our analyses to subjects of European descent in Patients were recruited prior to surgery through the anesthesiology department, and 7 4 9 therefore they may present a potential for selection bias. Additionally, the comparative 7 5 0 performance of the PRS across construction methods will depend on the phenotype of 
